Journal of Infection (2012) 64, 96e103 sampled elderly (>65 years, 3.2%) than in middle aged adults (25e65 years; 2.0%) and teenagers (14e25 years; 0.9%). During the study period, hMPV infections showed a biennial rhythm of seasonality, peaking from
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Summary Objective: To evaluate the prevalence and clinical manifestations of human metapneumovirus (hMPV) in immunocompetent Chinese adults with acute respiratory tract infections (ARTIs). Methods: A reverse transcription PCR (RT-PCR) assay targeting the P gene was developed in this study and used to detect hMPV in nasal and throat swabs collected from 2936 immunocompetent adult patients with ARTIs in Beijing, China between July 2008 and June 2010. Results: Among the 2936 patients studied, 49 (1.7%) were positive for hMPV, of whom 14 (28.6%) were positive for hMPV_A2b, 19 (38.8%) for hMPV_B1, and 16 (32.6%) for hMPV_B2. hMPV_A1 was not detected. An average detection rate of 6.6% was observed in the peak months of the two epidemic seasons studied. The hMPV prevalence was higher in the Introduction Human metapneumovirus (hMPV) is a single-stranded, negative sense RNA virus belonging to the paramyxoviridae family and pneumovirus subfamily. 41 The hMPV genome, approximately 13 kb in length, encodes six genes, which produce at least eight proteins, including nucleocapsid (N), phosphoprotein (P), matrix protein (M), fusion glycoprotein (F), transcriptional enhancer protein (M2-1), small hydrophobic protein (SH), attachment glycoprotein (G), and large polymerase protein (L). Based on the phylogeny of the G gene, hMPV is divided into two genotypes (A and B) and further into four subtypes (A1, A2, B1, and B2). 3, 28 A novel sublineage A2b was identified in children in Germany in 2006. 21 hMPV infection evokes incomplete immunity and reinfection can occur in people of all ages. 10, 14, 15, 35, 42, 43 Prevalent worldwide, hMPV is an important respiratory pathogen that manifests in young children less than 5 years of age. 4, 11, 25, 32, 34, 38, 39 Clinical symptoms caused by hMPV infection are similar to respiratory syncytial virus and include fever, cough, wheezing, dyspnea, rhinorrhea, sputum production, and asthma. 6, 12, 32 Rates of hMPV infection range from 5.5% to 25% among children hospitalized with respiratory illness. 18e20, 25 In adults, the clinical manifestations of hMPV infection seem to depend on age and health conditions. In young adults (aged 14e25 years), the clinical symptoms of hMPV infection are similar to those of other respiratory viral infections. In contrast, in middle aged (aged 26e65 years) and healthy elderly adults (aged > 65 years), hMPV presents similarly to influenza infections and common colds. 13 Although the incidence of hMPV infection in healthy adults during winter is generally less than 6%, 5, 23, 30, 42 hMPV is considered to be a major contributor to the burden of respiratory illnesses in older adults. 42 Most studies of hMPV infection in adults have focused on the elderly and on immunocompromised people rather than on immunocompetent adults of all age groups. Although hMPV infection has been reported in healthy adults during winter seasons, 5, 14 further study of hMPV infection in healthy adults is needed during all seasons in consecutive years to evaluate the circulation patterns, clinical features, and clinical burden of hMPV infection in a given population. In this study, we developed a reverse transcription PCR (RT-PCR) assay to evaluate the prevalence of hMPV infection in healthy adults with acute respiratory tract infections (AR-TIs) in Beijing, China. Clinical presentations and phylogenetic characteristics of hMPV infection were also investigated.
Materials and methods
Clinical specimens
Nasal and throat swabs were collected from adults with suspected viral ARTIs who sought medical attention at the Fever Outpatient Clinic of the Peking Union Medical College Hospital, Beijing, China over the period between July 2008 and June 2010. Enrollment criteria of patients have been described previously. 36 Briefly, patients over 14 years of age with acute respiratory symptoms, acute fever (body temperature S38.0 C), and normal or low leukocyte count were enrolled. About 22 patients met these criteria each day on average (in total 16,663). Of these, 4e5 patients were enrolled daily based on random selection by clinicians in most months during the study period. A total of 2936 patients were enrolled in this study. Immediately after collection, nasal and throat swabs from the same patient were combined in one tube containing 3 ml viral transport medium (VTM) and stored at À80 C prior to analysis. Samples were collected only once from each enrolled patient.
RT-PCR screening to detect hMPV infection
Total RNA and DNA were extracted from 200 ml VTM, using the NucliSens easyMAGä platform (bioMérieux, Marcy 1'Etoile, France) according to the manufacturer's instructions. 8 RT-PCR was used to detect hMPV in this study. A pair of primers targeting the P gene of hMPV was designed to generate an amplicon of 240 bp. Sequences of the forward and reverse primers were: 5 0 -TYAACATTGCWACAG-CAGGACC-3 0 and 5 0 -CTTCWGATTCWCCRCTTGTGCT-3 0 , corresponding to nt 1834e1855 and nt 2052e2073 of hMPV gz01 strain (GenBank accession no GQ153651), respectively. RT-PCR was performed using the One-Step RT-PCR Kit (Invitrogen, Carlsbad, CA). Following the manufacturer's instructions, a 5 ml aliquot of the extracted total nucleic acids was used as the template. The RT-PCR assay consisted of initial reverse transcription at 48 C for 45 min and preamplification at 94 C for 3 min, followed by 35cycles of amplification at 94 C for 30 s, at 55 C for 30 s, and at 72 C for 30 s, and an additional extension at 72 C for 10 min. All PCR products of the expected size were verified by sequence analysis. The hMPV subtypes were identified by alignment of the PCR sequence with the corresponding reference sequences from GenBank database, using BLAST program (http://blast.ncbi.nlm.nih.gov/blast.cgi). Other common respiratory viruses in clinical specimens were simultaneously detected using RT-PCR or PCR assays, as described previously, 36 including influenza viruses (A, B and C), parainfluenza viruses (type 1e4), rhinovirus, enterovirus, adenovirus, coronavirus (OC43, 229E, NL63 and HKU1) and respiratory syncytial virus. To avoid potential crosscontamination, master-mix preparation, nucleic acid extraction, assembly of the PCR reaction, and detection of the PCR products were performed in separate areas. Strict controls for nucleic acid extraction and PCR amplification were also included.
Evaluation of the sensitivity and specificity of the RT-PCR assay
The full-length P gene (885 bp; GenBank accession number HQ889777) of hMPV was amplified from clinical samples by RT-PCR and cloned into the pGEM-T Easy vector (Promega, Madison, WI). Prior to in vitro transcription, the plasmid was purified and linearized using the restriction enzyme Not I (Takara, Dalian, China), and was then extracted by ethanol precipitation. The linearized plasmids were subsequently used as templates for in vitro RNA transcription using T7 RNA-polymerase (Ambion, Austin, TX). After the transcription reaction, the RNA was treated with DNase (Promega) and purified using the Transcript RNA Clean Up Kit (Takara). The concentration of the RNAs was determined using a NanoDrop ND-1000 photo spectrometer (Thermo Fisher Scientific, Wilmington, DE). The quantified RNAs were then diluted 10-fold in 2.5 mg/ml of yeast tRNA (Ambion) and used as template for one-step RT-PCR.
To evaluate the specificity of the RT-PCR assay, propagated respiratory viruses were used as negative controls. These viruses included influenza viruses A/H1N1 2009 and A/H3N2, influenza B, coronaviruses 229E and OC43, adenovirus 5, 7 and 35, and parainfluenza 3.
Phylogenetic analysis
The hMPV strains detected in this study were subtyped based on phylogenetic analysis of the amplicons of P genes using the ClustalW alignment implemented in MEGA 4.0 software. 40 The neighbor-joining method with a Kimura-2 parameter model and 1000 bootstrap were applied for phylogenetic analysis.
Statistical analysis
Highest body temperature, age, clinical manifestation, laboratory parameters, and annual incidences of each hMPV subtype were compared using either the c 2 -test or Fisher's exact test for categorical variables and using the student's-test for continuous variables. P < 0.05 was considered significant.
Sequence accession numbers
GenBank accession numbers for the nucleotide sequences of the partial hMPV P genes identified in this study are HQ889776 through HQ889824. The GenBank accession numbers for the reference sequences of hMPV_A1 are AF371337 and AY530092. Those for hMPV_A2 are AB503857, AY297749, AY530090, AY530091, AY 530093, AY530095, DQ843659, FJ168779, GQ153651, and NC_004148. Those for hMPV_B1 are AY525843, AY530089, and AY530094. Those for hMPV_B2 are AY297748, DQ843658, EF535506, and FJ168778.
Results
Sensitivity and specificity of the RT-PCR assay
To evaluate the prevalence of hMPV infection in adults, we developed an RT-PCR assay targeting the hMPV P gene in order to detect the hMPV genotypes A and B. The limit of detection (LOD) of the RT-PCR assay was 52 molecules per reaction when the RNA templates of the full-length P gene were obtained from in vitro transcription and used as standards for quantification. No cross reactivity of the developed primers was observed when stocks of other respiratory viruses, including influenza viruses A/H1N1 2009 and A/H3N2, influenza B, coronaviruses 229E and OC43, adenovirus 5, 7 and 35, and parainfluenza 3, were tested (data not shown). In addition, our sequence analysis showed that all amplicons generated from the clinical specimens collected for this study were specific for the hMPV P gene, further indicating the specificity of this RT-PCR assay.
Prevalence of hMPV infection
A total of 2936 patients ranging from 14 to 90 years old (median 29 years; mean 33.9 years) were enrolled in this study. Of those patients, 1347 were males (46%) and 1589 were females (54%). hMPV RNA was detected in 49 (1.7%) patients, of whom 14 (28.6%) were positive for hMPV_A2, 19 (38.8%) for hMPV_B1, and 16 (32.6%) for hMPV_B2. hMPV_A1 was not detected in any of the patients. The detection rate of hMPV was less than that of influenza virus (27.6%), rhinovirus (6.6%), enterovirus (2.6%), and parainfluenza virus (2.1%), but higher than that of respiratory syncytial virus (1.5%), adenovirus (1.3%), and coronavirus (1.2%).
The hMPV-positive patients ranged from 16 to 90 years of age (median 42 years; mean 44 years). The ratio of hMPVpositive maleefemale patients was 1.18:2.07 (c 2 Z 3.47, P Z 0.06). Thus, hMPV infection does not show a gender preference in the healthy adults screened. The overall detection rate of hMPV did not vary significantly between the two study years of July 2008eJune 2009 and July 2009eJune 2010 (c 2 Z 0.01, P Z 0.93; Table 1 ).
hMPV infection was detected in all age groups sampled (14e25 years, 26e65 years, and >65 years). However, the detection rates of hMPV in different age groups varied significantly (c 2 Z 7.19, P Z 0.03), with the elderly (>65 years) showing the highest detection rate of 3.2% (Table 2) ; the detection rate in middle aged adults (26e65 years, 2.0%) was significantly higher than that in teenagers (14e25 years, 0.9%; c 2 Z 4.98, P Z 0.03). 13 Other common respiratory viruses were simultaneously screened. Co-detection of hMPV with other viruses was found in six (12.2%) patients, five with upper and one with lower respiratory tract infection. Influenza virus type A and enterovirus were co-detected with hMPV_B1. Influenza virus types A and B were co-detected with hMPV_B2. No other respiratory viruses were co-detected with hMPV_A2 ( Table 3 ).
Seasonality of hMPV infection in adults
The seasonal distribution of hMPV infection varied during the two study years of July 2008June 2009 and July 2009eJune 2010 ( Fig. 1) . During the study year of July 2008eJune 2009, the peak circulation of hMPV occurred from November through March of the winter-spring season, with the highest detection rate of 7.3% in March 2009. During the study year of June 2009eJuly 2010, the peak circulation occurred from March through June of the springsummer season, with the highest detection rate of 5.9% in April 2010. The seasonality analysis of hMPV subtypes shows that hMPV_A2 was most prevalent between July 2008 and March 2009, with the highest detection rate in February 2009. We did not detect any hMPV_A2 between April 2009 and March 2010, but detected hMPV_B1 and hMPV_B2 in both study years with an approximately 2-fold higher detection rate for 2009e2010 than for 2008e2009 ( Fig. 1 ).
Clinical characteristics of hMPV infection in adults
Among the 49 hMPV-positive patients, 47 (95.9%) were diagnosed with an upper respiratory tract infection and 2 (4.1%) were diagnosed with a lower respiratory tract infection. No hMPV-positive patients enrolled in this study were admitted to hospital. Clinical symptoms included myalgia (49.0%), rhinorrhea (61.2%), sneezing (51.0%), cough (61.2%), sputum production (51.0%), sore throat (67.3%), chills (83.7%), headache (71.4%), muscle pain (44.9%), and sneezing (51.0%). Vomiting was observed in only one patient infected with hMPV_B2 (Table 3) . Body temperatures were similar among patients infected with different hMPV subtypes (data not shown). Laboratory examination showed no significant difference in the granulocytes, mean lymphocyte count, percentage of neutrophilic granulocytes, or percentage of lymphocytes between patients positive for different hMPV subtypes.
Phylogenetic analysis of hMPV strains
A phylogenetic tree was constructed for all strains of hMPV_A2, hMPV_B1, and hMPV_B2 identified in this study, based on clustalW alignment (implemented in MEGA) of the 240 bp amplicons of the hMPV P gene. Strains of each subtype clustered together (Fig. 2) , indicating that the target region of the established RT-PCR assay contains enough variability for hMPV genotyping. Moreover, all hMPV_A2 strains, which can be divided into hMPV_A2a and A2b clusters, 22 were only found in the hMPV_A2b cluster in this study. Pairwise distance compute of the targeting P gene between our sample sequences and reference sequences from GenBank (see Fig. 2 legend) shows that hMPV_A2 strains identified in this study had 97.4%e100% identity of both nucleotide sequences and amino acid sequences. hMPV_B1 had 93.1%e100% and 93.3%e100% identity of nucleotide sequences and amino acid sequences whereas hMPV_B2 had 90.6%e100% and 88.2%e100% nucleotide and amino acid identity, respectively.
Discussion
In this study, we used an RT-PCR assay to screen clinical specimens collected from adults with ARTIs. The hMPV P gene is an ideal molecular target for detection and genotyping of hMPV, because its conserved sequences allow specific detection using RT-PCR and enough variability to permit distinction between genotypes. 3, 28 Four subtypes of hMPV and two clusters of hMPV_A2 were clearly distinguished through our phylogenetic analysis of hMPV P gene fragments. All strains of hMPV_A2 were found to be hMPV_A2b.
The sensitivity of the RT-PCR assay was determined to be 52 copies per reaction, which is at least as sensitive as reported for real-time RT-PCR assays previously. 24, 29 The primer pair used in this study can also be applied to an SYBR Green RT-PCR system for quick screening of clinical We observed an annual incidence of 1.7% for hMPV infection in immunocompetent adults with ARTIs, sampled over a period of two consecutive years in China. Similar annual incidences have been reported in the United States of America, 19 the United Kingdom, 16 and in Cambodia. 4 Although the winter-spring season is traditionally regarded as Phylogenetic analysis of hMPV based on partial sequences of the P gene. Fragments of the P genes of hMPV_A2, hMPV_B1, and hMPV_B2 were amplified by RT-PCR and analyzed with MEGA 4.0 software using the distance method and the neighbor-joining algorithm with Kimura-2 parameters. Each strain from this study is indicated by a specific identification code (PUMCH) followed by the patient number and GenBank accession number. The GenBank accession numbers of the reference sequences of hMPV_A1 are AF371337 and AY530092. Those for hMPV_A2 are AB503857, AY297749, AY530090, AY530091, AY 530093, AY530095, DQ843659, FJ168779, GQ153651, and NC_004148. Those for hMPV_B1 are AY525843, AY530089, and AY530094. Those for hMPV_B2 are AY297748, DQ843658, EF535506, and FJ168778. Scale bar indicates nucleotide substitutions per site.
the typical epidemic season of hMPV in temperate regions, 5, 7, 14, 18, 23, 30, 42 the results of our study show that the hMPV epidemic peaked during the winterespring season (NovembereFebruary) of 2008e2009 and the springsummer season (MarcheJune) of 2010. The hMPV seasonality observed in this study is comparable to that reported in Japan, 31 which showed a biennial rhythm of hMPV seasonality, with the epidemic peaking between November and March in odd years and between March and June in the successive even years. 1, 2, 31 Our results indicate that hMPV seasonality in adults is similar to that in children.
The reason for this differing seasonality is unclear. Previous studies have shown that climate can affect seasonality. 4, 7, 17, 33, 37 However, the climate records for Beijing do not indicate significant variability between the same months of each study year (data not shown). It is possible that the pandemic of A/H1N1/2009 affected the circulation of hMPV during the 2010 season. Based on our findings, the surveillance of hMPV infection in immunocompetent adults should be extended from the winter season to year round to improve our understanding of the burden of hMPV infection.
hMPV_A1 was not detected in the patients sampled for this study. The absence of hMPV_A1 in this study is consistent with other reports. 4, 9, 26, 27 Indeed, circulation of hMPV genotypes has been reported to vary annually, with replacement of predominant genotypes occurring every 1e3 years in a given population. Such genotype replacement is believed to result from adaptive immunity of a population to the predominant circulating genotype. 1, 17, 22 In this study, analysis of the incidences of hMPV subtypes shows that hMPV_A (represented by hMPV_A2) was declining whereas hMPV_B (hMPV_B1 and B2) was rising from July 2008 to June 2010. Thus, it is possible that hMPV_A1 was in its troughs during the study period. A longer study period would be required to investigate the prevalence patterns of hMPV subtypes.
Children and elderly adults (>65 years) are reportedly at higher risk of hMPV infection due to incomplete immunity. 7, 13, 14 In this study, the detection rate of hMPV (3.2%) was highest in the elderly (>65 years) compared to that in other adult age groups, consistent with previous reports. 12, 14, 23 In contrast to previous reports, 13, 14, 35, 42 the detection rate of hMPV in teenagers (14e25 year, 0.9%) was significantly lower than that in middle aged adults (26e65 years, 2.0%) in our study. The reason for this disparity is unclear. Further studies are needed to clarify the age distribution of hMPV infection in adults.
We observed a moderate detection rate of hMPV in Chinese adults, lower than that of influenza virus, enterovirus, rhinovirus, and parainfluenza virus, but higher than that of respiratory syncytial virus, adenovirus, and coronavirus. If the observed data is extrapolated from the sampled subjects to the whole population, 1.7% could be translated to a significant number of hMPV ARTI cases in China every year.
In summary, this study reports the detection of hMPV and a large-scale, detailed analysis of the prevalence and clinical symptoms of hMPV infection in healthy adults with ARTIs in Beijing, China. A biennial rhythm of hMPV seasonality in immunocompetent adults was observed, as was a higher detection rate of hMPV in adults aged >65 compared to those in other adult age groups screened in this study. Our results improve current understanding of the pathogenesis of hMPV in healthy adults. However, as this study covered a limited population and a relatively short time period, further investigations are required to characterize the infection of different hMPV subtypes in adults more thoroughly.
